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(54) OPTICAL MATERIAL COMPRISING CURABLE FLUOROPOLYMER 



(57) There can be obtained a suitable optical mate- 
rial which has a stable structure with a rare earth metal 
ion while maintaining transparency in a region of from 
visible light to near infrared light. The optical material is 
obtained by curing a fluorine-containing resin composi- 
tion comprising (I) a fluorine-containing prepolymer and 
(II) a compound containing a rare earth metal ion and/ 
or a rare earth metal element, wherein the fluorine-con- 
taining prepolymer (I) is a curable fluorine-containing 
polymer which: 

(1) is a non-crystalline polymer having a fluorine 
content of not less than 25 % by weight and 

(2) has a cure site in a side chain of the polymer 
and/or at an end of a trunk chain of the polymer. 
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Description 

TECHNICAL FIELD 



5 [0001] The present invention relates to optical materials containing a curable fluorine-containing prepolymer, and 

particularty relates to compositions useful as an optical material and to materials used suitably in the field of optical 
communication where optical amplification technology is used and in the field where luminous phenomenon is used. 
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BACKGROUND ART 

[0002] An optical communication system using an optical fiber network enables high speed transmission of a large 
amount of data. Generally an quartz optical fiber is used as the optical fiber. However recently in plastic optical fiber 
(POF), a POF called Gl (graded index) type POF which has a wide band (400 Mbps for 100 m transmission) and 
assures a low transmission loss has been developed, and construction of an optical communication network for do- 
mestic use is also considered. In the respective fibers, there is a difference in a band width of light for transmission. 
In the silica fiber, 1 ,300 nm band and 1 ,500 nm band are mainly used, and in the plastic (acryl) fiber, 650 nm band is 
mainly used. 

[0003] In either of quartz optical fiber and plastic optical fiber, in an optical communication system, there arises an 
attenuation of an optical signal due to a loss caused at the time of transmission, branching, connection and switching. 
An attenuation of an optical signal is a problem particularly in case of a long distance transmission. Therefore an optical 
amplifier is needed to compensate for attenuation of optical signals. 

[0004] Example of an optica) amplifier for an optical communication system using quartz optical fiber network is, for 
instance, a so-called fiber type optical amplifier disclosed in the bulletin ("Light amplification with Er-doped optical fiber 
and application thereof, by Masataka Nakazawa, Applied Physics Vol. 59, No. 9, pp. 1175 - 1192 (1990)). On this 
device are applied pumping of electron in Erbium (Er) cation atom by visible or near infrared light and a phenomenon 
of generating fluorescence having a wavelength of about 1 ,500 nm band. 

[0005] On the other hand, a luminant has been put into practical use for an inorganic glass containing a rare earth 
metal ion and for an electronic device for laser beam. However a present situation is such that because of difficulty in 
production and processing, applications thereof are limited. Also though a polymer composition is disclosed in 
JP64-26583A, intensity of luminescence is low. 

[0006] However in case of an optical amplifier (ED FA) using Er-doped optical fiber, a 20 to 30 m long optical fiber 
for amplification is necessary to obtain an amplifying gain of 30 dB (1 000 times). The reason for this is that for example, 
while a fiber type optical amplifier for 1 ,550 nm band uses an erbium ion (Er^+J-doped quartz fiber, if a doping amount 
is increased, a cluster is formed due to association of doping ions and the amplifying action is lowered. Therefore the 
doping amount is decreased to 10 to 1 ,000 ppm and a fiber length is increased to obtain an amplifying action. As 
mentioned above, in case of a fiber type optical amplifier (glass), there is a limit in shortening a length of interface of 
the optical amplifier. Namely, there is a limit in down-sizing and cost reduction of the optical amplifier. 

[0007] Also since a base material is inorganic glass, elasticity and mold-processability have not always been satis- 
factory. 

[0008] Further in case of a fiber type optical amplifier (glass), it is difficult to make a flat optical amplifier This causes 
a problem when an optical integrated circuit is made using an optical amplifier and other optical devices. 

[0009] Also in case of an inorganic device as a luminant, because of difficulty in production and processing, appli- 
cations thereof are limited. 

[0010] On the other hand, addition of cation of rare earth element to an organic high molecular weight material has 
been studied. For example, JP5-86189A discloses polysiloxane in which a rare earth metal ion obtained by using 
chlorosilane having an organic group and a chloride of rare earth element as starting materials is introduced to a high 
molecular chain. Also JP5-88026A discloses materials such as polyacrylate and polysiloxane containing a complex 
such as acety (acetone complex of rare earth metal ion which is excellent in solubility in an organic solvent and oxidation 
resistance. Further in the preprint of High Molecule Society, Vol.43(1), 29 (1 994), a material obtained by synthesizing 
a rare earth element cation salt of a polymerizable organic acid such as acrylic acid ormethacrylic acid and polymerizing 
or copolymerizing such a monomer carrying a rare earth element cation is reported, in which a cation concentration 
can be increased to about 10 % by weight. By those methods, a rare earth element cation can be added in a high 
concentration to an organic high molecular weight material excellent in mold processability. However there are disad- 
vantages that the synthesizing process is complicated and may give rise to an economical restriction in industrial 
application; and resins to be used are limited to those having relatively low heat resistance. 

[0011] Also in order to enhance dispersibility of a rare earth metal ion in a resin, it is necessary that carboxylic acid 
groups are introduced in a high concentration to a structure of a polymer constituting an acrylic resin. However such 
an acrylic resin has a large water absorption and therefore cannot be practically used as an optical material which 
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hates presence of water. 

[0012] Further heat resistance is not sufficient and during a step for producing an optical amplifier or during use 
thereof, lowering of amplifying characteristics arises. 

[0013] Also when light source having wavelength bands of 1 ,300 nm and 1 ,500 nm is used, there is a substantial 
5 disadvantage that transmittance of light is lowered since a carbon -hydrogen bond and oxygen-hydrogen bond in the 
organic material absorb light of such bands. Therefore studies have been made with respect to replacement of hydrogen 
with heavy hydrogen (D) or fluorine. As a result, transparency can be improved to a certain extent, but in case of the 
replacement with heavy hydrogen, water absorption of the material does not change, and in case of the replacement 
with fluorine, when the replacement is made to an extent of having an effect on transparency, there are disadvantages 
io that dispersibility of a rare earth metal ion is significantly lowered and also solubility in a solvent is lowered. Also in 
case of the replacement with fluorine, a glass transition temperature is not increased and the problem with heat resist- 
ance cannot be solved. Further for application on a luminant using a luminous phenomenon, there is a problem with 
light resistance of a polymer to be used. 

[0014] As mentioned above, all the problems in the fields of optical amplification material and light emission material 
15 have not been solved, and novel optical amplification material and light emission material which can solve those prob- 
lems are desired. 

DISCLOSURE OF INVENTION 

20 [0015] The present inventors have made intensive studies to solve the mentioned problems and as a result, have 

found that the problems can be solved when a fluorine-containing resin composition prepared by a combination of a 
specific curable fluorine-containing polymer and a rare earth element is used, and thus have completed the present 
invention. The present invention provides a fluorine-containing resin composition giving excellent optical materials, 
particularly an optical amplification material and a light emission material. 

25 [0016] The first of the present invention relates to a fluorine-containing resin composition comprising 0) a fluorine- 

containing prepolymer which is a non-crystalline polymer having a fluorine content of not less than 25 % by weight and 
containing cure sites in a side chain of the polymer and/or at an end of a trunk chain of the polymer and (II) a compound 
containing a rare earth metal ion and/or a rare earth metal, and relates to a fluorine-containing resin composition which 
is used for an optical amplification material and a light emission material. The composition is a curable fluorine-con- 
30 taining resin composition having a high fluorine content and is useful as an optical material. 

[0017] The above-mentioned "in a side chain of the polymer" means that the cure sites may be present at an end or 
in the midst of the polymer side chain or in the both thereof. 

[0018] The optical amplification material and light emission material which are obtained by curing the fluorine-con- 
taining resin composition of the present invention are cured articles having a high fluorine content and therefore have 
35 a high amplifying ratio and a high intensity of luminescence and also have light resistance and heat resistance. Further 
those materials have a low refractive index and therefore possess enhanced characteristics for a luminant. 

[0019] More preferred as the fluorine-containing prepolymer (I) is afluorine-containing prepolymer having a maximum 
absorption coefficient of not more than 1 cm' 1 in a wavelength range of from 1 ,290 to 1 ,320 nm and/or from 1 ,530 to 
1570 nm and/or from 600 to 900 nm. 

40 [0020] It is preferable that the cure site of the fluorine-containing prepolymer (I) is a carbon-carbon double bond. 

Preferred example of the carbon-carbon double bond is one being present at an end of the polymer side chain. 
[0021] The carbon-carbon double bond constituting the cure site may be an ethylenic carbon-carbon double bond 
having a radical reactivity or an ethylenic carbon-carbon double bond having a cation reactivity. 

[0022] Examples of the fluorine-containing prepolymer (I) are polymers having recurring units of afluorine-containing 
45 ethylenic monomer having a cure site. 

[0023] Example of the particularly preferred fluorine-containing prepolymer (I) is afluorine-containing polymer having 
a number average molecular weight of from 500 to 1 ,000,000 and represented by the formula (1): 



“f M-} — (-A-)- (1) 



in which the structural unit M is a structural unit derived from a fluorine-containing ethylenic monomer and represented 
55 by the formula (M): 
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5 



-f CX J X 2 - cx 3 +- 

I 

(CX 4 X 5 -^5-t C=0) b (0-fe Rf 



(M) 



wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same or 
different and each is H, F orCF 3 ; Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group having 
io 2 to 1 0 carbon atoms and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine-containing alkyl 

group having 1 to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms and ether bond; 
a is 0 or an integer of from 1 to 3; b and c are the same or different and each is 0 or 1 , 

the structural unit A is a structural unit derived from monomer copolymerizable with the fluorine-containing ethylenic 
monomer providing the structural unit M, 

is and the structural unit M and the structural unit A are contained in amounts of from 0.1 to 1 00% by mole and from 0 
to 99.9 % by mole, respectively. 

[0024] The second of the present invention relates to an optical amplification material obtained by curing the fluorine- 
containing resin composition of the above-mentioned first invention and also relates to an optical amplifier having a 
core part formed by using the optical amplification material. 

20 [0025] The third of the present invention relates to a light emission material obtained by curing the fluorine-containing 

resin composition of the above-mentioned first invention and also relates to a light emitting device, a part or the whole 
of which is formed by using the light emission material. 

BRIEF DESCRIPTION OF DRAWING 

25 

[0026] Fig. 1 is a chart showing steps for producing the optical amplifier or the light emitting device of the present 
invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

30 

[0027] Example of the preferred polymer which is used as the fluorine-containing prepolymer of the present invention 
is, as mentioned above, the fluorine-containing polymer having a number average molecular weight of from 500 to 
1 ,000,000 and represented by the formula (1): 

35 

-fM-h-fA-)- (1) 

in which the structural unit M is a structural unit derived from a fluorine-containing ethylenic monomer and represented 
by the formula (M): 



-fCX'X 2 -CX 3 +- (M) 

* (CX^Vt C-0)„(0-fe Rf 

wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same or 
so different and each is H, F or CF 3 ; Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group having 
2 to 1 0 carbon atoms and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine-containing alkyl 
group having 1 to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms and ether bond; 
a is 0 or an integer of from 1 to 3; b and c are the same or different and each is 0 or 1 , 

the structural unit A is a structural unit derived from monomer copolymerizable with the fluorine-containing ethylenic 
S5 monomer providing the structural unit M, 

and the structural unit M and the structural unit A are contained in amounts of from 0.1 to 100 % by mole and from 0 
to 99.9 % by mole, respectively. 

[0028] Namely, the fluorine-containing polymer is a homopolymer of the structural unit M derived from a fluorine- 
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containing ethylenic monomer which gives, to the polymer side chain and/ or an end of the polymer trunk chain, an 
ethylenic carbon-carbon double bond being curable by a reaction, or a copolymer comprising the structural unit M as 
an essential component. 

[0029] In the Rf of the structural unit M, it is preferable that at least one of Y 1 is bonded to an end of the Rf. 

5 [0030] In the fluorine-containing prepolymer (I) which is used in the present invention, the structural unit M is pref- 

erably a structural unit Ml derived from a fluorine-containing ethylenic monomer and represented by the formula (M 1 ): 



10 -tcxbc 2 - CX 3 t- (M1) 

(cx^-fcrfo-fcrRf 

15 wherein X 1 and X 2 are the same or different and each is H or F; X 3 is H, F, CH 3 or CF 3 ; X 4 and X 5 are the same 

or different and each is H, F or CF 3 ; Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group 
having 2 to 1 0 carbon atoms and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine-containing 
alkyl group having 1 to 40 carbon atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms and ether 
bond; a is 0 or an integer of from 1 to 3; c is 0 or 1 . 

20 [0031] The fluorine-containing prepolymer having the structural unit Ml is preferred since transparency particularly 

in a near infrared region (hereinafter referred to as "near infrared transparency") is high and in case of not only a 
homopolymer of the structural unit Ml but also a copolymer containing an increased amount of the structural unit Ml , 
near infrared transparency can be made high. 

[0032] Further example of the preferred structural unit Ml is a structural unit M2 derived from a fluorine-containing 

25 ethylenic monomer and represented by the formula (M2): 



30 



-f CH 2 - CF-h 

CF 2 O— Rf 



(M2) 



wherein Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group having 2 to 10 carbon atoms 
os and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine-containing alkyl group having 1 to 40 
carbon atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms and ether bond. 

[0033] The structural unit M2 is a structural unit of a fluorine-containing allyl ether having an ethylenic carbon-carbon 
double bond at its end and is preferred since not only near infrared transparency can be made high but also its polym- 
erizability is good, particularly homopolymerizability and copolymerizability with other fluorine-containing ethylenic 
*0 monomer are good. 

[0034] Also another example of the preferred structural unit Ml is a structural unit M3 derived from a fluorine-con- 
taining ethylenic monomer and represented by the formula (M3): 



-f CP 2 - CF+- (M3) 

O — Rf 

50 wherein Rf is an organic group in which 1 to 3 of Y 1 (Y 1 is a monovalent organic group having 2 to 10 carbon atoms 
and an ethylenic carbon-carbon double bond at its end) are bonded to a fluorine-containing alkyl group having 1 to 40 
carbon atoms or a fluorine-containing alkyl group having 2 to 100 carbon atoms and ether bond. 

[0035] The structural unit M3 is a structural unit of a fluorine-containing vinyl ether having an ethylenic carbon-carbon 
double bond at Its end and is preferred since near infrared transparency can be made high and also its copolymerizability 
55 with other fluorine-containing ethylenic monomer is good. 

[0036] In the fluorine-containing prepolymer (I) of the formula (1 ) which is used in the present invention, Y 1 contained 
in the structural units M, Ml , M2 and M3 is, as mentioned above, a monovalent organic group having 2 to 10 carbon 
atoms and an ethylenic carbon-carbon double bond at its end. 
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[0037] The carbon-carbon double bond in Y 1 has an ability of causing a polycondensation reaction, etc. and can 
provide a cured (crosslinked) article. Concretely, for example, a polymerization reaction and condensation reaction are 
caused between the molecules of the fluorine-containing prepolymer (I) or between the fluorine-containing prepolymer 
(I) and a curing (crosslinking) agent to be added as case demands by contact with a radical or a cation, and thereby 
5 a cured (crosslinked) article can be provided. 

[0038] The first of the preferred Y 1 is: 

, 0 -totrtc-o-teY 2 

wherein Y 2 is an alkenyl group or fluorine-containing alkenyl group having 2 to 5 carbon atoms and an ethylenic carbon- 
carbon double bond at its end; d and e are the same or different and each is 0 or 1 . 

[0039] Example of preferred Y 2 is: 

15 

-CX 6 =CX 7 X 8 

wherein X 6 is H, F, CH 3 or CF 3 ; X 7 and X 8 are the same or different and each is H or F. This group is preferred because 
20 of a high curing reactivity by contact with a radical or a cation. 

[0040] Examples of the preferred Y 2 are: 



25 



-ch=ch 2 > -cf=ch 2 , 




-c=ch 2 , 



-cf=cf 2 



30 and the like. 

[0041] Also more preferred Y 1 is: 



-O(C=0)CX 6 =CX 7 X 8 

wherein X 6 is H, F, CH 3 or CF 3 ; X 7 and X 8 are the same or different and each is H or F. This group is preferred because 
a curing reactivity by contact with a radical is high and a cured article can be obtained easily by photo-curing. 

[0042] Examples of more preferred Y 1 are: 



40 



45 



-oc-ch=ch 2 , 

II 

o 



ch 3 

I 

-oc-c=ch, , 

II 

o 



-0C-CF=CH 2 , 

II 

o 






50 



-OC-C=CH 2 , 

ii 

o 



-OC-CF=CFo 

ii 

o 



and the like. 

[0043] Examples of other preferred Y 1 are: 
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10 



15 



-ch=ch 2 , -ch 2 ch=ch 2 , -OCH 2 CH=CH 2 , 
-och=ch 2 , -ocf*cf 2 , 

-c-och=ch 2 , -C-OCH 2 CH=CH 2 , 

II II 

o o 



X 

I 

-CH-CH 2 OC-C=CH 2 

I II 

OH O 



(X: H, F or CH 3 ) , 



20 



25 



O • 

II 



-CH-CH 2 OCCX=CH 2 

I 



OCCX=CH 2 

ii 

o 



(X: H, F or CH 3 ) , 



-CHCH 2 OCH 2 CH=CH 2 , -CHCH 2 OCH 2 CH=CH 2 
OH OCH 2 CH=CH 2 

and the like. 

35 [0044] Among the Y 1 , those which have the structure of -0(G=0)CF=CH 2 are preferred because near infrared trans- 

parency can be made high, a curing (crosslinking) reactivity is particularly high and a cured article can be obtained 
efficiently. 

[0045] The above-mentioned organic group Y 1 having a carbon-carbon double bond in its side chain may be intro- 
duced to an end of the polymer trunk chain. 

40 [0046] In the fluorine-containing prepolymer (I) which is used in the present invention, -Rf- (a group obtained by 

excluding Y 1 from the above-mentioned -Rf) contained in the structural units M, Ml , M2 and M3 is a fluorine-containing 
alkylene group having 1 to 40 carbon atoms or a fluorine-containing alkylene group having 2 to 100 carbon atoms and 
ether bond. This Rf group is one in which fluorine atom is bonded to carbon atom contained therein. The Rf group is 
generally a fluorine-containing alkylene group or fluorine-containing alkylene group having ether bond in which fluorine 
45 atom and hydrogen atom or chlorine atom are bonded to carbon atom. Preferred Rf group is one having more fluorine 
atoms (a high fluorine content). More preferred is a perfluoroalkylene group or a perfluoroalkylene group having ether 
bond. The fluorine content of the fluorine-containing prepolymer (I) is not less than 25 % by weight, preferably not less 
than 40 % by weight. Such a fluorine content is preferred because near infrared transparency of the fluorine-containing 
prepolymer (I) can be made high and also can be maintained even if a curing degree (crosslinking density) is increased 
so particularly to increase heat resistance and elasticity of a cured article. 

[0047] Too large number of carbon atoms of -Rf- is not preferred because there is a case where solubility in a solvent 
is lowered and transparency is lowered in case of a fluorine-containing alkylene group, and also because a hardness 
and mechanical properties of the polymer itself and the cured article are lowered incase of a fluorine-containing alkylene 
group having ether bond. The number of carbon atoms of the fluorine-containing alkylene group is preferably from 1 
55 to 20, more preferably from 1 to 1 0. The number of carbon atoms of the fluorine-containing alkylene group having ether 
bond is preferably from 2 to 30, more preferably from 2 to 20. 

[0048] Examples of preferred Rf are: 
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5 




-i CF^ CH 2 % , -i CFtCF-tt CH 2 + n , -f CH 2 CF 2 -ferf CH 2 -fci , 




-f CH 2 -^ C— , (m: from 1 to 10, n: from 0 to 5) 
CF 3 




-i CF 2 CF 2 -irtCF 2 CF-fe-e CH 2 -fe , 



-fCFaCFairtCHaCFa-fe-tC^-hi , 



25 



30 





-e CH 2 CF 2 -irt CF 2 CF-fe-f CH 2 -f n 



y 



(1 : from 1 to 10, m: from 1 to 10, n: from 0 to 5) 

35 

^CFCFaO^CFaOi^CX'^CF^FaOi^CX'MreCPi^f-CHait , 
X 9 X 12 

40 



-f CF 2 CFO-fet CF 2 0-Vt CF 2 CF 2 CX 10 2 Oi 5 - CF 2 (CP^t CH 2 -ft , 
45 X 9 X 12 



(X 9 and X 12 are F or CF 3 ; X 10 and X 11 are H or F; o + p + q is from 1 to 30; r is 0 or 1 ; s and t are 0 or 1) 
and the like. 

[0049] As mentioned above, the structural unit M constituting the fluorine-containing prepolymer (I) of the present 
invention is preferably the structural unit Ml and the structural unit Ml is preferably the structural units M2 and M3. 
Next, mentioned below are examples of the structural units M2 and M3. 

[0050] Examples of the preferred monomers constituting the structural unit M2 are: 



55 
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CH^CFCFaOCF-Y 1 , CH 2 =CFCF 2 OCFCH 2 -Y x , 



I 

CF, 



I 

CF- 



ch 2 =cfcf 2 ocfch 2 o-y 1 , 

cf 3 



CH 2 =CFCF 2 0-f CFCF 2 0-fcj CF-Y X , 

cf 3 cf 3 



CH 2 =CFCF 2 0 ( CFCF 2 0-fe CFCH 2 -Y X , 

CF 3 cf 3 



CH 2 =CFCF 2 0 ( CFCF 2 0-fc CFCH 2 OCH 2 CHCH 2 -Y x 



CF, 



CF, 



CH 2 =CFCF 2 0-fCF 2 CF 2 b-fcCF 2 -Y x , 

CH 2 =CFCF 2 0*f CF 2 CF a O-fe CF 2 CH 2 -Y l , 
CH 2 =CFCF 2 0tCF 2 CF 2 CF 2 0-fc; CF 2 CF 2 -Y l , 
CH 2 =CFCF 2 0-t CF 2 CF 2 CF 2 Ofa CF 2 CF 2 CH 2 -Y l , 
CH 2 =CFCF 2 0-f CH 2 CF 2 CF 2 C>-fo CH 2 CF 2 -Y X , 
CH 2 =CFCF 2 0-f CH 2 CF 2 CF 2 Ofe CH 2 CF 2 CH 2 -Y X 
CH 2 =CFCF 2 Ot CF 2 CF 2 -fe Y x 



PF 3 

CH 2 =CFCF 2 0 ( CF 2 CF-fe CH 2 -Y X 
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(n; an integer of from 1 to 30, Y 1 is as defined above). 
[0051] More concretely there are: 



CH 2 =CFCF 2 0't CP'CFjO'ti; CFCH 2 OCCX”CH 2 , 

cf 3 cf 3 o 



CH 2 =CFCF 2 Ot CFCF 2 0-fo CFCH 2 OCH 2 CHCH 2 OCCX=CH 2 



I 

CF< 



I 

CF« 



II 

O 



OCCX=CHo 

II 

o 



CH 2 =CFCF 2 0'f CFCF 2 0-fo CFCH 2 OCH=CH 2 , 

cf 3 cf 3 



CH 2 =CFCF 2 Ot CFCF 2 0-fc CFCH 2 OCH 2 CHOCH=CH 2 , 



CF- 



CF, 



OCH=CH» 



CH 2 -CFCF 2 0-t CFCF 2 0-fe CF=CF 2 , 

CF 3 



CH 2 =CFCF 2 0-tCFCF 2 0-^CFC00CH=CH 2 , 

CF 3 cf 3 

CH 2 =CFCF 2 0"f CFCF 2 0-fe CFCH 2 OCH 2 CH»CH 2 , 

cf 3 cf 3 

CH 2 =CFCF 2 0-t CFCF 2 0-fo CFCH 2 OCH 2 CHCH 2 OCH 2 CH=CH 

CF 3 cf 3 OCH 2 CH=CH 2 
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/Rf 1 

CH 2 =CFCF 2 0 -f CFCF 2 0-fe CFC 

CF, CF^Rf" 



occx=ch 2 , 
II 
o 



to 



ch 2 ch=ch 2 

I 

CH 2 =CFCF 2 Ot CFCF 2 0-fe CF-C-OCCX=CH 2 , 



15 



I 

CF, 



I 

CF, 



II 

O 



ch 2 ch=ch 2 



(Rf 1 and Rf 2 are perfluoroalkyl groups having 1 to 5 carbon atoms; n is an integer of from 0 to 30; X is H, CH 3 , F or CF 3 ) 
20 and the like. 

[0052] Examples of the preferred monomer constituting the structural unit M3 are: 

CF-^CFOCFjCFj-Y 1 , CF 2 =CFOCF 2 CF 2 CH 2 -Y 1 , 

25 



CF 2 =CFOCF 2 CF 2 CH 2 OCH 2 CHCH 2 -Y 1 , 



30 



35 



CF 2 =CFOf CFsCF-frY 1 , 

CF 3 



40 



45 



50 



CF 2 =CFO-f-CF 2 CFO-^ CF 2 CF 2 CH 2 -Y 1 , 



CF- 



CF,CFOtCF 2 CF^CF 2 CF 2 CH 2 OCH 2 CHCH 2 -V. . 



CF, 



CFa^CFOi-CFaia Y l , CF 2 =CFO-f CFj-fe CH 2 -Y l , 



55 



CF^CFOCFgCFgOCFg-Y 1 , 



CF 2 =CFOCF 2 CF 2 OCF 2 CH 2 -Y 1 , 
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CF 2 =CFOCF 2 CF 2 OCF 2 CH 2 OCH 2 CHCH 2 -Y 1 , 



cf 2 =cfocf 2 cf 2 ch 2 ocf 2 cf 2 -y , 



10 



CF 2 =CFOCF 2 CF 2 CH 2 OCF 2 CF 2 CH 2 -Y 1 



(Y 1 is as defined above; n is an integer of from 1 to 30) 
and the like. 

[0053] More concretely there are: 



15 



20 



CFa-CFOfCFaCFO^ CF 2 -fo CH 2 OCCX=CH 2 , 

CF 3 O 



25 



30 



CF 2 =CFO(CF 2 CFO-fc-e CF 2 -fr CH 2 OCH 2 CHCH 2 OCCX=CH 2 , 



I 

CF: 



II 

O 



occx=ch 2 

II 

o 



35 



CF 2 =CFO-f CF 2 CFO-fe-e CF 2 -fe CH 2 OCH=CH 2 , 



CF- 



40 



CF 2 =CFO-f CF 2 CFOisiCF 2 -fe-CH 2 OCH 2 CHOCH=CH 2 , 



CF: 



OCH=CH 2 



45 



50 



CF 2 =CFO-fCF 2 CFOfe-t CF 2 -fc COOCH=CH 2 , 

CF, 



55 



CF 2 =CFO-f CFaCFO-fe-f CF 2 -fc CH 2 OCH 2 CH=CH 2 , 

CF, 
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CF 2 =CFO"f CFaCFOfe-f CF 2 -fe CH 2 OCH 2 CHCH 2 OCH 2 CH=CH 2 , 

CF 3 OCH 2 CH=CH 2 



10 



Rf 1 

I 

CF 2 =CFO-( CF 2 CFCH 5 -e CF 2 -fe C-OCCX=CH 2 , 



I 

CF- 



II 

O 



IS 



Rf 2 



20 



ch 2 ch=ch 2 

I 

CF 2 =CF01 CF 2 CFO-fei-CF 2 -fe C-OCCX=CH 2 , 



I 

CF, 



II 

O 



25 



ch 2 ch=ch 2 



(Rf 1 and Rf 2 are perfluoroalkyl groups having 1 to 5 carbon atoms; m is an integer of from 0 to 30; n is an integer of 
from 1 to 3; X is H, CH 3 , F or CF 3 ) 
and the like. 

30 [0054] Examples of the monomer constituting the structural unit M of the fluorine-containing prepolymer (I) other 

than the above-mentioned structural units M2 and M3 are, for instance, 



35 CF 2 =CFCF 2 -0-Rf-Y 1 , CF 2 =CFCF 2 0-Rf-CH 2 CHCH 2 -Y 1 , 

Y 1 



40 



CF 2 =CF-Rf-Y 1 , 



CF 2 =CF-Rf-CH 2 CHCH 2 -Y 1 



9 



45 



50 



CH^CH-Rf-Y 1 , CH 2 =CH-Rf-CH 2 CHCH 2 -Y 1 , 

Y l 



55 



CH 2 =CHO-Rf-Y 1 , 



CH 2 =CHO-Rf-CH 2 CHCH,-Y 1 

I. 



9 



and the like wherein Y 1 and Rf are as defined above. 
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[0055] More concretely there are: 



cf 2 =cfcf 2 ocf 2 cf 2 cf 2 -y 1 , 

5 



cf 2 =cfcf 2 ocf 2 cf 2 cf 2 ch 2 -y 1 , 



10 



15 



20 



cf 2 =cfcf 2 ocf 2 cp-y 1 , 

cf 3 



cf 2 =cfcf 2 ocf 2 cfch 2 -y 1 , 

cf 3 



cf 2 =cfcf 2 ocf 2 cfch 2 och 2 chch 2 -y 1 , 

cf 3 y 1 

CFjsCFCFj-Y 1 , CF 2 =CFCF 2 CH 2 -Y 1 , 



CF 2 =CFCF 2 CH 2 OCH 2 CHCH 2 -Y 1 , 

Y 1 



30 



ch 2 =chcf 2 cf 2 ch 2 ch 2 -y\ ch 2 =chcf 2 cf 2 -y 1 , 



ch 2 =chcf 2 cf 2 ch 2 -y 1 , ch 2 =chcf 2 cf 2 cf 2 cf 2 -y 1 , 



ch 2 =chcf 2 cf 2 cf 2 cf 2 ch 2 -y ' , 



40 



C„ 2 .CHCP J CP 2 CF 2 CF 2 C„ 2 OCH 2 C„C„ 2 -y>. 

Y 1 



45 



ch 2 =choch 2 cf 2 cf 2 -y 1 



ch 2 =choch 2 cf 2 cf 2 ch 2 -y 1 



and the like, wherein Y 1 is as defined above. 

[0056] In the fluorine-containing prepolymer (I) of the present invention, the structural unit A is an optional component. 
The structural unit A is not limited particularly as far as it is a monomer copolymerizable with the structural units M, 
so Ml , M2 and M3. The structural unit A may be optionally selected depending on intended applications of the fluorine- 
containing prepolymer and a cured article obtained therefrom and required characteristics thereof, 

[0057] Examples of the structural unit A are, for instance, as follows. 

(i) Structural units derived from fluorine-containing ethyienic monomers having functional group 

55 

[0058] These structural units (i) are preferred from the point that adhesion to a substrate and solubility in a solvent, 
particularly a general-purpose solvent can be imparted to the fluorine-containing prepolymer and a cured article ob- 
tained therefrom while maintaining a high near infrared transparency, and is also preferred from the point that functions 
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such as crosslinkability other than those affected by Y 1 can be imparted. 

[0059] Preferred structural unit (i) of the fluorine-containing ethylenic monomer having functional group is a structural 
unit represented by the formula (3): 



-tCX n X 12 -CX 13 -)- 

I 

(CX 14 2 iht O-fc-R^-Z 1 



wherein X 11 , X 12 and X 13 are the same or different and each is H or F; X 14 is H, F or CF 3 ; h is 0, 1 or 2; i is 0 or 1 ; Rf 4 
is a fluorine-containing alkylene group having 1 to 40 carbon atoms or a fluorine-containing alkylene group having 2 
to 100 carbon atoms and ether bond; Z 1 is a functional group selected from the group consisting of -OH, -CH 2 OH, 
-COOH, carboxylic acid derivative, -S0 3 H, sulfonic acid derivative, epoxy and cyano, and particularly preferred is a 
structural unit derived from: 




CHj^CFCFjjOR^-Z 1 

wherein Rf 4 and Z 1 are as defined above. 

[0060] More concretely there are preferably structural units derived from fluorine-containing ethylenic monomers 
such as: 



25 

CH 2 =CFCF 2 OCF-Z 1 , CH 2 =CFCF 2 OCFCF 2 OCF-Z 1 , 

cf 3 cf 3 cf 3 

30 



35 



CH 2 =CFCF 2 0 -f CFCF 2 0-fo CF-Z 1 , 

cf 3 cf 3 



ch 2 =cfcf 2 och 2 cf 2 -z 1 , 



40 



ch 2 =cfcf 2 och 2 cf 2 cf 2 ocf-z 1 , 

cf 3 



ch 2 =cfcf 2 ocf 2 cf 2 ocf 2 -z 1 

45 

and 



CH 2 =CFCF 2 Ot CF 2 CF 2 0% CF a -Z l 

wherein Z 1 is as defined above. 

[0061] Also there are preferred structural units derived from monomers represented by: 



55 



CF 2 =CFORf 4 -Z 1 



wherein Rf 4 and Z 1 are as defined above. More concretely there are structural units derived from monomers such as: 
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5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 . 



cf 2 =cfocf 2 cf 2 -z 1 , cf 2 =cfocf 2 cf 2 ch 2 -z 1 , 

CF 2 =CFOCF 2 CFOCF 2 CF 2 -Z 1 , 

CF 3 

cf 2 =cfocf 2 cfocf 2 cf 2 ch 2 -z 1 , 

cf 3 

CF 2 =CFOi CF 2 -)3 Z 1 , CF 2 =CFO-f CF^ CH 2 -Z l , 

CF 2 =CFOCF 2 CF 2 OCF 2 -Z 1 , 

cf 2 =cfocf 2 cf 2 ocf 2 ch 2 -z 1 , 

CF 2 =CFOCF 2 CF 2 CH 2 OCF 2 CF 2 -Z 1 and 
CF 2 =CFOCF 2 CF 2 CH 2 OCF 2 CF 2 CH 2 -Z 1 , 

wherein Z 1 is as defined above. 

[0062] Examples of the other fluorine-containing ethylenic monomer having functional group are: 

CF 2 =CFCF 2 -0-Rf-Z 1 , CF 2 =CF-Rf-Z 1 , 

CH^CH-Rf-Z 1 , CH 2 =CHO-Ftf-Z 1 

and the like, wherein -Rf- is the same as the above-mentioned -Rf- and Z 1 is as defined above. More concretely there are 

cf 2 =cfcf 2 ocf 2 cf 2 cf 2 -z 1 , 
cf 2 =cfcf 2 ocf 2 cf 2 cf 2 ch 2 -z 1 , 

CF 2 =CFCF 2 OCF 2 CF-Z 1 , CF 2 =CFCF 2 OCF 2 CF-CH 2 -Z* , 

CF 3 cf 3 

a 

cf 2 =cfcf 2 -z 1 , cf 2 =cfcf 2 ch 2 -z 1 , 
ch 2 =chcf 2 of 2 ch 2 ch 2 -z 1 , ch 2 =chcf 2 cf 2 -z 1 , 
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4 

ch 2 =chcf 2 cf 2 ch 2 -z 1 , ch 2 =chcf 2 cf 2 cf 2 cf 2 -z 1 , 

5 ch 2 =chcf 2 cf 2 cf 2 cf 2 ch 2 -z 1 , ch 2 =cho-ch 2 cf 2 cf 2 -z 1 , 



ch 2 =choch 2 cf 2 cf 2 ch 2 -z 1 



io and the like, wherein Z 1 is as defined above. 

[0063] When using the monomer having -OH group, -COOH group or -S0 3 H group, it is preferable that an amount 
thereof is in a range where near infrared transparency is not lowered. 

(ii) Structural units derived from fluorine-containing ethylenic monomers having no functional group 

15 

[0064] These structural units (ii) are preferred from the point that a higher near infrared transparency of the fluorine- 
containing prepolymer and a cured article obtained therefrom can be maintained and also from the point that trans- 
parency can be increased. Further these structural units are preferred from the point that by selecting the monomer, 
mechanical properties and glass transition temperature of the polymer can be adjusted, particularly the glass transition 
20 temperature can be increased by copolymerization with the structural unit M. 

[0065] Examples of the preferred structural units (ii) of the fluorine-containing ethylenic monomer are those repre- 
sented by the formula (4): 



25 



— t cx l5 x 16 -cx 17 i- 

(cx 18 2 fert oiat 




30 

wherein X 15 , X 16 and X 18 are the same or different and each is H or F; X 17 is H, F or CF 3 ; hi , ii and j are 0 or 1 ; Z 2 is 
H, F or Cl; Ftf 5 is a fluorine-containing alkylene group having 1 to 20 carbon atoms or a fluorine-containing alkylene 
group having 2 to 100 carbon atoms and ether bond. 

[0066] Examples thereof are preferably structural units derived from monomers such as: 

35 

cf 2 =cf 2 , cf 2 =ch 2 , cf 2 =cfci, cf 2 =cfcf 3 , 



40 ^ CP 3 

CF 2 =C , CF 2 =CFO(CF 2 ) n F (n: from 1 to 5), CH 2 =C(CF 3 ) 2 , 

CF 3 



CF 2 =CFH . CF 2 =CCl2 , CF 2 =CFOCF 2 CFO-C 3 F 7 , 

cf 3 



50 

CH 2 =CPfCF 2 -fcZ 2 

(Z 2 is as defined in the formula (4), n is from 1 to 1 0) and 

55 



CH 2 =CHOCH 2 -tCF 2 -)^Z 2 
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(Z 2 is as defined in the formula (4), n is from 1 to 10). 

(iii) Fluorine-containing aliphatic ring structural units 

5 [0067] Introduction of these structural units (iii) is preferred since transparency can be increased and a near infrared 

transparency can be increased more and further since the fluorine-containing prepolymer (I) having a high glass tran- 
sition temperature can be obtained and a higher hardness of the cured article can be expected. 

[0068] Examples of the preferred fluorine-containing aliphatic ring structural unit (iii) are those represented by the 
formula (5): 

10 



15 



20 




wherein X 19 , X 20 , X 23 , X 24 , X 25 and X 26 are the same or different and each is H or F; X 21 and X 22 are the same or 
different and each is H, F, Cl or CF 3 ; Rf 6 is a fluorine-containing alkylene group having 1 to 10 carbon atoms or a 
fluorine-containing alkylene group having 2 to 10 carbon atoms and ether bond; n2 is 0 or an integer of from 1 to 3; 
25 nl , n3, n4 and n5 are the same or different and each is 0 or 1 . 

[0069] For example, there are structural units represented by: 



30 



-fCX 2i -CX 22 i- 

I I 
o o 

\ ^ 

Rf 6 



wherein Rf 6 , X 21 and X 22 are as defined above. 
[0070] Concretely there are: 



40 



45 



4 CF-CF4 

i i 
o o 

X" 

F F 



4 CF-CF-)- 

I I 
o o 

X 

cf 3 cf 3 



4 CF-CF4- 

I I 
o o 

X 

F CF 3 



so 



4 CF-CF-)- 

I I 

O O 




4 CH-CH-)- 

I I 
o o 

X 

cf 3 cf 3 



-i CH-CH-) 

I I 
o o 





> 



55 



cf 2 ci cf 2 ci 
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Cl Cl 

I I 

-tc-c* 

I I 
o o 
X 
cf 3 cf 3 



10 



Cl 

I 

-4 CF-C+ 

I I 
o o 

X 

cf 3 cf 3 



15 



CF, 

/\ 

-f CF 2 CF CF+ 

o cf 2 

\/ 

cf 2 



■i cf 2 -cf-cf-cf 2 f- 

o cf 2 
\/ 2 
CFo 



23v24 



CX"X 

/ \ 

4CFCF CF+ 

\ / 

0-CF 2 



20 



-CF 2 



25 



-fCX 



19 x 2°-CF 



/ V 

CFt 

I I T 

cf 2 -o 



-fCX 



19 x 20 



CF— 

I 

cf 2 - 



cfcf 2 4- 

o 



30 



35 




F 




-f CF-CF-t 
/ \ 
o o 

\ / 

CFo-CF 

I 

cf 3 



and the like wherein X 19 , X 20 , X 23 and X 24 are as defined above. 

[0071] Examples of the other fluorine-containing aliphatic ring structural unit are, for instance, 



45 



50 



55 and the like. 



-fcp^q+ 

0 o 

1 I 

CF 2 - CF 

I 

CF 3 
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(iv) Structural units derived from ethylenic monomers having no fluorine 

[0072] The structural units (iv) derived from ethylenic monomers having no fluorine may be introduced to the polymer 
in a range where the introduction does not have an adverse effect on near infrared transparency. 

5 [0073] By the introduction of these structural units (iv), solubility in a general-purpose solvent is enhanced and com- 

patibility with additives, for example, a photocatalyst and a curing agent to be added as case demands can be improved. 
[0074] Examples of the non-fluorine-containing ethylenic monomer are as follows. 

a-Olefins: 

10 

[0075] Ethylene, propylene, butene, vinyl chloride, vinylidene chloride and the like. 



Vinyl ether or vinyl ester monomers: 

*5 [0076] CH 2 =CHOR, CH^CHOCOR (R: hydrocarbon group having 1 to 20 carbon atoms) and the like. 

Alfyl monomers: 

[0077] CH 2 =CHCH 2 CI, CH^=CHCH 2 OH, CH 2 =CHCH 2 COOH, CH 2 =CHCH 2 Br and the like. 

20 

Alfyl ether monomers: 

[0078] 



CH 2 =CHCH 2 OR 



(R: hydrocarbon group having 1 to 20 carbon atoms), 

CH 2 =CHCH 2 OCH 2 CH 2 COOH, 



CH 2 =CHCH 2 OCH 2 CHCH 2 , ch 2 =chch 2 och 2 c.hch 2 

35 \/ II 

o OH OH 

and the like. 

40 

Acrylic or methacrylic monomers: 

[0079] Acrylic acid, methacrylic acid, acrylic acid esters, methacrylic acid esters, maleic anhydride, maleic acid, 
maleic acid esters and the like. 

45 [0080] Monomers obtained by replacing a part or the whole of hydrogen atoms of the above-mentioned non-fluorine- 

containing monomers with heavy hydrogen atoms are more preferred from the viewpoint of transparency. 

(v) Structural units derived from alicyclic monomers 

so [0081] A structural unit (v) of an alicyclic monomer may be introduced as a component copolymerizable with the 
structural unit M, more preferably as the third component in addition to the structural unit M and the structural unit of 
the above-mentioned fluorine-containing ethylenic monomer or non-fluorine-containing ethylenic monomer (the above- 
mentioned (iii) or (iv)), thereby making a glass transition temperature and hardness high. 

[0082] Examples of the alicyclic monomer (v) are norbornene derivatives represented by: 

55 
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5 





A B CD 



wherein m is 0 or an integer of from 1 to 3; A, B, C and D are the same or different and each is H, F, Cl, COOH, CH 2 OH, 
a perfluoroalkyl group having 1 to 5 carbon atoms or the like, alicyclic monomers such as: 




25 



30 



35 



40 



45 



50 



55 



and derivatives thereof in which a substituent is introduced. 

[0083] In the fluorine-containing prepolymer (I) of the present invention, various combinations and proportions of the 
structural units M (Ml , M2 or M3) and A can be selected from the above-mentioned examples depending on intended 
applications, physical properties (particularly glass transition temperature, hardness, etc.), functions (transparency and 
near infrared transparency) and the like as far as the combination of the structural units M and A makes the polymer 
non-crystalline and the fluorine content becomes not less than 25 % by weight. 

[0084] The fluorine-containing prepolymer (I) of the present invention contains the structural unit M (Ml , M2 or M3) 
as an essential component and is characterized in that the structural unit M itself has functions of maintaining a high 
near infrared transparency and imparting transparency and functions of being capable of imparting hardness, heat 
resistance, abrasion resistance, scratch resistance and solvent resistance to a cured article by the curing. Also the 
prepolymer (I) is characterized in that a refractive index can be controlled by adjusting the content of the structural unit 
M. Therefore even if the fluorine-containing prepolymer (I) contains a larger amount of the structural unit M or in the 
extreme case, even if the prepolymer consists of the structural unit M (1 00 % by mole), a high near infrared transparency 
can be maintained. Further a cured article having a high curing (crosslinking) density can be obtained and a coating 
film having a high hardness and excellent abrasion resistance, scratch resistance and heat resistance can be obtained. 
[0085] Also in the case of the copolymer comprising the structural unit M and the structural unit A of the prepolymer 
(I), when the structural unit A is selected from the above-mentioned examples, there can be obtained the prepolymer 
providing a cured article having a higher hardness, a high glass transition temperature and a high near infrared trans- 
parency. 

[0086] In the copolymer comprising the structural unit M and the structural unit A of the prepolymer (I), the proportion 
of the structural unit M may be not less than 0.1 % by mole based on the whole structural units constituting the fluorine- 
containing prepolymer (I). The proportion is not less than 2.0 % by mole, preferably not less than 5 % by mole, more 
preferably not less than 10 % by mole in order to obtain the cured article having a high hardness, excellent abrasion 
resistance and scratch resistance and good chemical resistance and solvent resistance by curing (crosslinking). 
[0087] Particularly for the optical material applications which require formation of a cured coating film having excellent 
heat resistance and transparency and small moisture absorption, it is preferable that the structural unit M is contained 
in an amount of not less than 10 % by mole, preferably not less than 20 % by mole, more preferably not less than 50 
% by mole. An upper limit thereof is lower than 100 % by mole. 

[0088] The curable fluorine-containing prepolymer (I) of the present invention has preferable characteristics partic- 
ularly for the optical amplification material application in near infrared region and the light emission material application 
in a region of from visible light to near infrared ray since transparency is not lowered even if the proportion of the 
structural unit M is increased (or even if the number of cure sites is increased). 

[0089] In case of the optical amplification material in optical communication applications and the light emission ma- 
terial in a region of from visible light to near infrared ray where a high transparency is required, it is important that the 
curable fluorine-containing prepolymer (I) has a combination and proportion of the structural units M and A which make 
the prepolymer non-crystalline. Being non-crystalline means that in DSC analysis, when measurement is carried out 
at a heating rate of 1 0°C/min (ASTM D341 8-99), an absorption peak resulting from melting is not substantially observed 
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